










































Aquifer Tests

Aquifer tests are carried out by pumping a well under controlled conditions and
measuring the resulting water level changes in neighboring wells. When a test is being
conducted because of a known problem, it is usually adequate to measure only existing
wells since they are the sites of interest. However, when the goal is to evaluate the
resource, it is more desirable to drill and accurately log new observation wells for the
purpose of having known conditions. A new well constructed specifically for taking
scientific measurements would not be affected by lack of maintenance and would be
drilled to an ideal depth for the intended purpose.

The DNR conducts aquifer tests to address conflicts over water between two well
owners or to describe the water supply locally in support of the water appropriation
permit program. In the case of an aquifer test' conducted as part of an investigation for an
agricultural irrigation permit, the length of the test is limited by statute (103G.295 Sub 4.
(5)) to 72 hours for water table conditions or 24 hours for artesian conditions. This
results in the termination of many tests before the water level declines stabilize and
before the extent of the aquifer can be detected. This statutory limit needs to be changed
to allow the DNR to continue any aquifer test until water levels stabilize so that
maximum information is gathered on the aquifer with each test conducted.

DATA REQUIREMENTS TO IMPROVE ESTIMATES OF WATER
AVAILABILITY

To address the desire for greater reliability in estimating available water supply, the
DNR is proposing a program of expanded data collection and analysis to better
characterize Minnesota's ground water and surface water resources in three general areas:

1) a focused drilling and testing program to improve mapping and knowledge of the
hydraulic characteristics of the state's aquifers;

2) additional streamflow monitoring to characterize surface water availability and
surface water-ground water interactions that effect availability; and

3) evaluation of water use trends in the context of overall resource availability and
valued surface water features.

Ground Water Characterization

Aquifersareiroc.ksorsediments that store water and are sufficiently permeable to
transmit watertowellsa.tusefuLrates. To estimate ground water availability, it is
necessary to know boththe amount ofwater in storage in the aquifer and the rate at which
it can be removed. To estimate the amount ofwater that can be removed continuously
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without mining the aquifer (the sustainable rate ofwithdrawal), the rate of recharge to the
aquifer must be known.

The amount of water contained within an aquifer can be estimated if the aquifer's
areal extent and saturated thickness are known. Geologic maps typically define the areal
extent of geologic units and thus are a good starting point for estimating the volume of
stored water in an aquifer. However, the rate at which ground water can be withdrawn is
more difficult to detennine.

Aquifer tests or pumping tests are typically used to estimate an aquifer's penneability
(the primary characteristic that affects the rate of water movement through an aquifer),
but these tests are expensive to perfonn and are strictly applicable only to the portion of
the aquifer in the immediate vicinity of the pumped well. A less precise but still valuable
indication of an aquifer's penneability can be obtained by observation and test pumping
of water wells as they are installed. The State of Minnesota has required since 1952 that
well drillers submit water well records that detail observations about the geologic
materials they encounter, the presence of ground water, and the results of test pumping
conducted for each well they drill. Hydrogeologic data from these water well records is
much more widely available than data from pumping tests, and has been used heavily by
those preparing the hydrogeologic studies reviewed in the previous section of this report.

The value of water well records is dependent upon the well drillers' ability and
interest in classifying the geologic and hydrogeologic data they encounter, which varies
widely. Also, most water well records are from wells drilled for domestic or agricultural
use which tend to be relatively shallow wells clustered in areas of development. Thus,
water well records tend to provide little infonnation about deeper aquifers or aquifers in
sparsely populated areas of the state.

Several improvements are recommended to make the water well records more useful
for scientific Interpretation. First, a systematic, statewide effort should be undertaken to
verify the recorded data and add it to the Ground Water Clearinghouse GIS system
(location, unique number, aquifer code, depth, etc.). The MGS does this work in areas
where it is cooperating with DNR to produce a county geologic atlas or regional
assessment.

This kind of data verification is a critical first step since errors in well location, site
elevation, geologic interpretation, etc. on the water well logs are common and greatly
affect the resulting geologic and hydrogeologic interpretations. From the verified set of
water well records, wells can be selected for geophysical logging to provide a means to
objectively compare the geologic characteristics of an aquifer and assess its variability.

Second, building on the water "veIl records, DNR proposes to fill gaps in the
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availability of well data by drilling test holes and installing observation wells in selected
areas where water is in short supply and the information is not available from other
sources. Test drilling will be undertaken to delineate and map potential aquifers
identified from existing information. Observation wells will be installed at a limited
number of sites in aquifers located during the drilling effort. At a few sites, aquifer tests
will be conducted to establish the amount of water in storage and determine the capability
of the aquifer to sustain pumpage. Ground water levels and samples for water chemistry
and isotope analysis will be collected.

Seismic surveys may be used to extend the information gained from existing or
newly-installed wells. The newly obtained information will then be compiled into a
subsurface map showing thickness and extent of subsurface units/potential aquifers, and
the flow rates and directions of flow in those determined to be aquifers.

Because of the high cost of subsurface exploration, it will be necessary to perform
this work sequentially on a priority basis in different areas of the state. For example,
water supplies are a high priority concern in the western third and southwestern quarter of
the state. A limited extent exploratory drilling program was funded for the 1995-97
biennium and has yielded information about several potential aquifers. These units still
need to be characterized hydrologically, and many other areas would benefit from similar
explorat~ry drilling.

In order to fully describe the availability of water in these areas, existing water use
needs to be documented. Also surface water features need to be mapped in detail and
their relationship to the maintenance of ground water levels needs to be documented.

Surface Water Characterization

Surface water characterization is needed to determine the capability of lakes and
streams to ptovide a reliable source of water for consumptive use. In the case of rivers
and streams, the characteristics of the watershed and the climate, especially precipitation
and the relationship to ground water resources, determine the volume and consistency of
flow. The probability that flow will be above a certain value for a defined period of time
can be estimated from curves developed from long term streamflow monitoring data.

Surface water characterization is also very important in assessing overall water
availability since surface water bodies are usually directly connected to the underlying
ground water. Withdrawal of water from either source directly affects the other. For
example, pumping ground water from a well located near a river will result in lowering of
the river, since pumping will depress the surface of the water table which in this case
extends into the river. Knowledge of surface water-ground water interactions, especially
in cases where surface water bodies are highly valued for recreational or aesthetic
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purposes, is critical to the proper management of our water resources.

Consistent, long term collection of streamflow and precipitation data enable
hydrologists to develop curves that can be used to characterize streamflow under different
conditions. The curves can be used to identify the individual contributions of ground
water, surface runoff, and precipitation to streamflow making it possible to assess the
importance of ground water to maintain streamflow. In addition, an estimate of recharge
to ground water can be derived from the information obtained from the curves.

The distribution and number of stream gages on Minnesota rivers is inadequate to
address water availability issues. The DNR proposes to expand the current streamflow
monitoring network by selecting new monitoring locations based on potential surface
water availability and constraints due to surface water - ground water interaction. The
department also proposes to add staff to the Climatology office in the Division of Waters
to compile precipitation data across the state in order to obtain better estimates of
recharge to ground water and runoff to streams.

Minnesota law does not adequately address impacts of ground water pumpage on
streamflow or on levels in lakes and wetlands. A clear statement in the statutes
recognizing that surface waters may be impacted by ground water pumping is needed in
order to protect high value surface water bodies. Examples of situations where this
relationship is significant include the Straight River near Park Rapids and several
calcareous fens and trout streams in the Twin Cities Metropolitan area.

The Hydrologic Cycle

Evaluation of Water Use Trends and Availability

The ground and surface water data collection and analysis capability at the DNR is
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limited and, therefore, most current efforts are responsive to conflicts or to natural
extremes such as droughts or floods. To make better use of data currently being collected
and evaluate the additional data proposed for collection above, additional technical staff
are needed.

A key task of the additional staff would be to analyze the quantitative distribution of
precipitation across the state and through time in conjunction with streamflow monitoring
data. Through this analysis an estimate of ground water recharge can be derived and
quantified in conjunction with ground water level monitoring data. These analyses must
be carried out for each aquifer or watershed to evaluate the level of water use that is
sustainable without resulting in adverse impacts on surface features.

Recharge, or the rate of replenishment of ground water, has traditionally been one of
the least known quantities in hydrology. New techniques are becoming available to '
assess the rate of recharge for a given aquifer. One of these techniques,
chlorofluorocarbon dating, allows hydrologists to track the movement of ground water
downward over time. The DNR is proposing to begin systematic dating of shallow
ground waters throughout the state in cooperation with the USGS. If funds are provided
for this work, regular compilations of all known information about the availability of
water from each significant aquifer in the state will be prepared and published.

The department recognizes a need for reports interpreting the trends in water use and
the capability of the streams and aquifers to sustain current plus additional development.
If additional resources are obtained, the DNR will be able to provide this kind of
information to decision makers and the public before development decisions are made.
The additional data will provide for a greater degree of accuracy in the estimates of water
available for use, and the DNR will be able to carry out water availability assessments
comparing actual use to the resource potential and documenting impacts more precisely
than is possible with current efforts.

SUMMARY AND CONCLUSION

It is no longer sufficient to wait for someone to drill a well before testing and
evaluating aquifers, or to wait for a major industrial appropriation to be undertaken before
determining streamflow capabilities to support both natural ecosystems and consumptive
use. The State of Minnesota desires lasting, sustainable development and wise use of its
water resources. To achieve this goal, it is necessary to improve both the base of
information and level of effort applied to evaluating Minnesota's water resources.
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